Biocomposite cryogels as tissue-engineered biomaterials for regeneration of critical-sized cranial bone defects.
Analysis of the in vivo regeneration capability of any tissue-engineered biomaterial is necessary once it shows potential characteristics during in vitro studies. Thus, we applied polyvinyl alcohol-tetraethylorthosilicate-alginate-calcium oxide (PTAC) biocomposite cryogel on critical-sized cranial bone defects in wistar rats for examining the comparative bone regeneration of cryogel-treated and nontreated defects over a period of 4 weeks. An in-depth analysis was performed from macroscopic level till the gene level. Bone regeneration in cryogel-treated defects was clearly evident from the results, whereas the nontreated group did not show any defect healing except at few peripheral areas. At the macroscopic level, micro-computed tomography analysis revealed new bone formation. This was further confirmed at the cellular level, wherein, new bone formation was demonstrated by hematoxylin and eosin staining. Osteoblastic differentiation was further validated by immunohistological staining of runt-related transcription factor-2 (Runx-2) protein and via calcium-phosphate crystal formation after 2 weeks through scanning electron microscopy and energy dispersive X-ray spectroscopy. Finally, at the gene level, real-time PCR analysis confirmed the mRNA expression of osteoblastic markers, that is, runx-2, collagen type I (Col I), alkaline phosphatase (ALP), and osteocalcin (OCN). Therefore, the results of in vivo cranial defect model studies suggest that PTAC biocomposite cryogels can show suitable potential for human bone regeneration.